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CLAIMS 



46 - A catalytic system comprising: 



(A) at least one ligand represented by formula (I) 
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where 



E and E' each represent independently an oxygen or 
a sulfur atom; 
X and X' each represent independently a 
phosphorus, arsenic or/ antimony atom; 
the radicals R 1 and 



, which 
id from: 



are 



identical or 



or cyclic alkyl radicals; 



different, are selec 
hydrogen ; 
linear, branche 
aryl radicals; 
arylalkyl radicals ; 
alkylaryl radi/cals ; 
halogens ; 

the hydroxyl /radical; 
alkoxide radicals ; 
- C -OR' , whfere R' represents 



hydrocarbon 
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radical whiich has from 1 to 15 carbon atoms; 
-S0 3 Y, wherte Y is selected from Li, Na, NH 4 + , 
NR // 4 + / wheftre R" represents a hydrocarbon 
radical wWich has from 1 to 15 carbon atoms; 
the R 2 # R' 2 , R 3 , R' 3 , R 4 and R' 4 radicals, which are 
identical or different, are selected from linear, 



2 

branched or cyclic alkyl radicals, and arylalkyl 
radicals; / 
R is a divalent radical; and / 



(B) at least one nickel compound selected from: 




(Bl) nickel complexes with eJ zero oxidation state, 
which are represented by /the general formula (II) : 
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/ 
R b 



where R a and R b /each represent independently a 
hydrogen atom, ybr a linear, branched or cyclic 
alkyl radical /or aryl , arylalkyl or alkylaryl 
radical, which/have up to 8 carbon atoms, it being 
also possible/ for R a and R b to form together a 
divalent aliphatic group of 2 to 10 carbon atoms 
and have up /to three olefinic double bonds as the 
only carborf- carbon unsaturated groups; 
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(B2) n-allylnLfckels, 
formula /(III) : 



which are represented by the 
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R e - 



R c R d 

\ / 
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// 

C - Ni Z 

C 

/ \ 
R f R g 



(III) 



in which: 

the R c 



R e , R E and R g radicals, which are 
identical^ or different, are selected from 
hydrogen, \linear, branched or cyclic alkyl 
radicals and aryl , arylalkyl or alkylaryl 
radicals, haVing up to 8 carbon atoms; 
the dotted Vines represent the electron 
delocalization\on the three contiguous carbon 
atoms ; 

an R c or R d radical may also form, with an R e 
or R f or R g radical, a divalent alkene group 
having from 2 to 1<S) carbon atoms and able to 
have up to three olVfinic double bonds; and 
Z represents a haloge^, an alkoxy group or an 
alkanoyloxy group; 

(B3) compounds of the bis (allyl) nickel type which are 
represented by the (IV) 
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ir\ which : 

th\ radicals R c to R 9 , and R c ' to R 9 ' , which are 
identical or different, are selected from 
hydrogen, linear, branched or cyclic alkyl 
radicals and aryl , arylalkyl or alkylaryl radicals 
having up to 8 carbon atoms; 

the \dotted lines represent the electron 
delocaMzation on the three contiguous carbon 
atoms; 

a radical R c or R d also able to form, with a 
radical R e or R f or R g , a divalent alkene group 
having from 2 to 10 carbon atoms and able to have 
up to three olefinic double bonds; 

a radical \R C ' or R d ' also able to form, with a 
radical R e ' \or R f ' or R 9 ' , a divalent alkene group 
having from\2 to 10 carbon atoms and able to have 
up to three \>lefinic double bonds. 



47 - The catalytic system as claimed in claim 46, 
wherein, in formula (V), E and E' are separated by 

20 intermediate atoms linked\together by covalent or coordinate 
bonds . 

48 - The catalytic system as claimed in claim 46, 
wherein, in formula (I) , thA minimum number of atoms between 
E and E' is from 3 to 40. 

49 - The catalytic ^ystem as claimed in claim 46, 
wherein, in formula (I), R is\selected from: 

divalent hydrocarbon radicals comprising from 2 to 38 
carbon atoms; and 

the 1, 1 • -f errocenylene radical which is substituted or 
unsubs t i tut ed . 

50 - The catalytic system as claimed in claim 46, 
wherein the ligand of formula \l) comprises one of the 
following structures : 
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C - R - C Ph 

/ \ I 

Ph - P \= C C = P - Ph (la) 

\ / I 

Ph \ C=0 0=C Ph 

/ \ 
P O 



where R represents a 5 , 6-bicyclo [2 . 2 . 1] hept-2-ene 
radical; - (CH^) 4 - or -(CH 2 ) 8 -; 

O \ O 

^ \ // 
Ph C — \R - Ph 

Ph - P = C \ C=P-Ph (lb) 

\ \ / I 

Ph Ph \ Ph Ph 

where R represents a 5 , 6-bicyclo [2 . 2 . 1] -hept-2-ene 

radical; or - (CH 2 ) 8 -\ 
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(1,1' -\ c ) - C 



Ph - P = C 



Ph 



(Ic) 



Ph CH 3 

where 1,1' -F c represents 1 , 1 ■ - f errocenylene radical; 
and 
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O o 

Ph C - - C \Ph 

Ph - P = C ' C = \ - Ph (Id) 

\ / 
Ph R 1 R Ph 

where R 1 represents H or Ph or SC^Na or -C-0-CH 3 . 

O 
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51 - The catalytic system as claimed in claim 46, 
wherein the nickel compound (BJ is selected from: 
. bis (1 , 5-cyclooctadlene) nickel (0) ; 
. bis (cyclooctatetrafene) nickel (0) ; and 
. bis (1 , 3 , 7-octatrifene) nickel (0) . 

52 - The ibatalytic system as claimed in claim 46, 
wherein, in a nicked compound (B2) or (B3) , a n-allyl group 
has from 3 to 12/ carbon atoms which do not have other 
aliphatic unsaturated groups, except where it contains a 

10 closed cycle. 

53 - The catalytic system as claimed in claim 46, 
wherein the nicket compound (B2) is selected from: 

. n-allylnickel dhloride; 
. n-allylnickel bromide; 
15 . n-crotylnickel (chloride ; 

. n-methylallylnickel chloride; 
. n-ethylallylnipkel chloride; 
. n-cyclopentylafLlylnickel bromide; 
. n-cycloocteny]|nickel chloride; 

2 0 . n-cyclooctadieinylnickel chloride; 

. n-cynnamyl nickel bromide; 
. n-phenylallyl:iickel chloride; 
. n-cyclohexeny Lnickel bromide; 
. n-cyclododecenylnickel chloride ; 
25 . n-cyclododecs trienylnickel chloride; 
. n-allylnicke] acetate; 
. n-methylallyl nickel propionate; 
. n-cyclooctenylnickel octoate; 
. n-cyclooctenvlnickel methoxylate; and 

3 0 . n-allylnickel ethoxylate. 

54 - The catalytic system as claimed in claim 46, 



wherein the ni 
. bis (n-allyl) 



n-allyl-n-me; 



ckel compound (B3) is selected from: 
nickel ; 



bis (n-methal lyl) nickel ; 
bis (n-cynnaniyl ) nickel ; 
bis (n-octadienyl) nickel ; 
bis (n-cyclohexenyl) nickel , 



thallylnickel ; and 
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. bis (n-cyclooctatrienyl ) nickel . 

55 - The catalytic system as claimed in claim 46, 
wherein the components (A) and (B) are present in amounts 
such that the nickell to-ligand (s) molar ratio is between 1 

5 and 10 0. 1 

56 - The catalytic system as claimed in claim 55, 
wherein the component! s (A) and (B) are present in amounts 
that the nickel -to-Iigand (s) molar ratio is between 2 

and 5 0. 1 
IQ 57 - A procAss for the polymerization of at least 

one olefin in the presence of a catalytic system as defined 

in claim 46 . 1 

58 - The prdbess as claimed in claim 57, wherein: 
in a first step, bach of the constituents (A) and (B) , 

15 which are in solution in an inert solvent, are 

introduced separately or simultaneously into a reactor, 
together with the 1 react ion mixture; and 

in a second step, the olefin or olefins are introduced, 
the ( co ) polymerization taking place at a temperature 
20 between 0 and 300°Q and at a total absolute pressure of 

from 1 to 200 bar. \ 

59 - The process as claimed in claim 58, wherein 
the constituents (A) and! (B) are introduced in a nickel-to- 
ligand(s) molar ratio oflbetween 1 and 100. 

25 60 - The proceks as claimed in claim 59, wherein 

the constituents (A) and 1(B) are introduced in a nickel-to- 
ligand(s) molar ratio of between 2 and 50. 

61 - The process as claimed in claim 58, wherein 
the inert solvent of constituents (A) and (B) is selected 

3 0 from saturated aliphatic hydrocarbons, saturated alicyclic 
hydrocarbons, aromatic hydrocarbons and mixtures thereof. 

62 - The process! as claimed in claim 58, wherein 
the reaction mixture consists of an organic medium. 

63 - The process ps claimed in claim 58, wherein 
35 the reaction mixture comprises a continuous liquid aqueous 

phase, which comprises more than 30% water by weight. 

64 - The process as claimed in claim 63, wherein 
the aqueous phase is the only\ liquid phase. 
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65 - The process as claimed in claim 63, wherein 
the mixture comprises an organic liquid phase. 

66 - They process as claimed in claim 62, wherein 
the medium or the <Vg anic phase is selected from: 

iptiatic hydrocarbons, saturated alicyclic 
iromatic hydrocarbons and mixtures 



saturated al 
hydrocarbons , 
thereof ; and 
to the extent 



thkt the polymerization conditions keep 
them in liquid foAm, a-olefins, unconjugated dienes and 
10 mixtures thereof. 

67 - The process as claimed in claim 63, wherein 
the polymerization medium comprises a dispersing agent. 

68 - The process as claimed in claim 67, wherein 
the dispersing agent is present at up to 10% by weight for 

15 the weight of water. 

69 - The process\as claimed in claim 68, wherein 
the dispersing agent is present at 0.01 to 5% by weight for 
the weight of water, 

70 - The process ate claimed in claim 63, wherein 
20 the polymerization medium comprises an emulsifying agent. 

71 - The process as\claimed in claim 70, wherein 
the emulsifying agent is presen\ at up to 10% by weight, for 
the weight of water. 

^^c£>> ^2 - The process as claimed in claim 71, wherein 
25 t h^^a s fcyj^agent is present at 0.01 to 5% by weight for 
the weight of water 

73 - The process as claimed in claim 70, wherein 
the emulsifying agent is present\in an amount greater than 
the critical micelle concentratit 
30 74 - The process as claimed in claim 73, wherein 

the amount of emulsifying agent \s enough so that the 
polymerization takes place mainly irAthe micelles. 

75 - The process as claimed^ in claim 70, wherein 
the polymerization medium comprises aVLiquid organic phase 

3 5 and a cosurf actant . 

76 - Ttfl^g^Sfess as claimed in claim 75, wherein 
the polymerizatio^^i^ure comprises a liquid organic phase 
and a cosurfact< 




77 - The process as claimed in claim wherein 
the cosurfactant has a solubility in water of^ess than 1 x 
10" 3 mol per liter at 20°C. ,s 

78 - The process as claimed in claim 76, wherein 
the cosurfactant is present at up to/10% by weight for the 
weight of water. X 

79 - The process as claimed in claim 76, wherein 
the emulsifying agent to cosurfactant mass ratio goes from 

0.5 to 2 . / 
i 80 - The process as claimed in claim 58, wherein 

the concentration o£ the constituent (A) in the inert 

solvent is betweer/o . 1 micromol and 100 millimol per liter 

of solution. X 

Z\y/- The process as claimed in claim 58, wherein 
> the concentration of the constituent (B) in the inert 

solvent/is between 0.1 micromol and 200 millimol per litter 

of solution. 

82 - The process as claimed in claim 58, wherein 
it is carried out in an inert atmosphere. 

0 ^<Jd(^^> " The P rocess as claimed in claim 58, wherein 

in 3*^^61 imh^ary step, the const iuents (A) and (B) in 
solution are brotight into contact with each other in their 
inert solvent, for aNJuration of 3 0 seconds to 10 minutes, 
before their introduct i^n^into the reaction mixture, this 

5 precontacting step being carh^d out in an inert atmosphere, 
at a temperature of between 0 anS^100°C. 

84 - The process as claimed in claim 83, wherein 
this precontacting s^ep is carried out at a temperature 
between 10 and 7 0 °C. 

0 85 - The process as claimed in claim 58, wherein 

the constituents (A) and\(B) , which are in solution in their 
inert solvent, are introduced separately into the reaction 
mixture, the latter being H^ld at a temperature of from 0 to 
100°C. 

5 86 - The process aa claimed in claim 85, wherein 

the reaction mixture is held \t a temperature from 10 to 
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87 - The prc/cess as claimed in claim 58, wherein 
the ( co) polymer izatio^i is carried out at a temperature of 
between 25 and 200°C, 

88 - The process as claimed in claim 58, wherein 
5 the (co) polymerization is carried out at a total absolute 

pressure of from 1 to 100 bar. 

8 9 - The ptocess as claimed in claim 58, wherein 
the olefin or olefins intended to be polymerized are 
introduced in gas ot liquid form, with enough stirring of 
10 the polymerization medium. 

90 - The /process according to claim 58, wherein 
the olefins are selected from ethylene, a-olefins, cyclic 
olefins and compounds of formula: 
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20 



CH 2 =CH- (pH 2 ) n -G- 
in which: 

n is an intefier between 2 and 20; and 
G is a radiaal chosen from: 
-OH; CHOHCHJOH; OT; -CF 3 ; -COOT; -COOH; 
-Si (OH) 3 ; -Si (OT) 3 ; 

T is a hydrocarbon radical having from 1 to 2 0 carbon 
atoms . 
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91 - 

at least one ol 

92 - 

the polymeriza 



The process as claimed in claim 58, wherein 
efin is ethylene. 

The process as claimed in claim 70, wherein 
ion is carried out in the presence of an 



emulsifying acent, leading therefore to a latex, if 



necessary afte:: 
93 - 

the latex is a 



a filtration step. 
The process as claimed in claim 92, wherein 
ligh-density polyethylene or a medium-density 



weight, for th 



polyethylene o:: a low-density polyethylene. 

94 - The process as claimed in claim 71, wherein 
the emulsifying agent is present at up to 0.01 to 5% by 



3 weight of water 



